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ABSTRACT   
In light of the development and urban growth of the city of Al-Nasiriya, the road construction sector consumes the 
largest amount of aggregates. The research aims to study suitability of the sediments of the sand dunes extending on one 
side of the international road between Nasiriya – Baghdad near the check point of Fadak as fine aggregate used for the 
purposes of roads construction. The results of the geotechnical evaluation of physical properties showed that the grain 
size analysis of the fine aggregate did not meet the requirements of the Iraqi specification and according to these results, 
the aggregate needs to modify. Based on liquid limits and plasticity indices and according to Iraqi specification the 
deposits are suitable for using as sub-grade course materials and to construct the shoulders of the road but not suitable 
for using as sub-base course materials. While the results of chemical tests indicate that incompatibility of the rates of 
organic matters and calcium carbonates with Iraqi specification. On the other hand, the chemical analysis of the 
sediments showed that the rates of the chlorides, sulfates, gypsum, total soluble salts and pH they were within acceptable 
limits of standard specifications. The mineral components of the soils were characterized by clay minerals (kaolinite 
and montmorillonite) and non-clay minerals (quartz, feldspar, and calcite). 
Keywords:  Al-Nasiriya; Chemistry and mineralogy; Geotechnical properties;  Roads works;  
Sand dunes 
Corresponding Author: 
Esraa A. Mandhour,  
Department of Applied Geology, Thi-Qar University 
Address: Thi-Qar, Iraq 
E-mail: I.mandhour_geo@sci.utq.iq 
 
 
1. Introduction 
The problem of desertification is one of international environmental problems facing most arid, semi-arid and 
sub-humid regions. This phenomenon is widely known as soil degradation, and in Iraq, the desert lands cover 
nearly two third of Iraq area [1]. The phenomena of desertification and dust storms are common in the southern 
regions of Mesopotamian due to the deterioration of the agricultural sector and the effect of erosion and 
sandstorms so because of the frequency of the dry seasons due to low amounts of precipitation besides low 
supplies of water from rivers of Tigris and Euphrates [2-6]. In addition to mismanagement of water resources 
which has greatly affected the agricultural land as well as increase to salinization which led to an increase desert 
areas and creep of dry lands across arable areas.                                                                                                                          
The movement of sand dunes led to the most serious problems for roadway, airport, bridge, factories and others, 
but most of the solutions used to face the movement of sand dunes are methods to stabilization sand dunes. 
Earth materials used in road construction include coarse and fine aggregates (gravel, sand and soil), these 
materials are mainly used as sub-base and subgrade. Moreover, sand dunes are one of the most important sources 
of natural fine aggregates (sand), so it is possible to use sand of sand dunes in paving and concrete works. 
Aggregates are used in limited or certain grades to form subgrade and sub-base, which may sometimes require 
processing by use of binder materials such as lime, cement and asphalt. Aggregates can also be mixed with soil 
to improve soil properties. Therefore, sand can be used to reinforce the bearing capacity of foundation by insert 
sand columns or as trench backfill materials [7-9]. Several Iraqi studies refer to the presence of huge amount of 
coarse and fine aggregates, but they do not meet the Iraqi general specifications especially in terms of granular 
gradient [9, 10].                                                                                                                                                            
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It has been observed that the materials used to construct the pavement behave poorly after a period of time, 
possibly due to mineralogical and chemical properties. Moreover, many researchers have confirmed that the 
mineralogical and chemical characteristics are good indicators for assessing the raw materials for construction 
of roads besides engineering and physical characteristics [11-14].  
The aim of this study is to investigate suitability of the sand dunes sediments as a fine aggregate for roads works.                                                                                                            
1. Location and geology  
The study area is located in south of Iraq, Northwest of Thi-Qar governorate between latititude 31° 09ʹ 00"N 
and 31° 10ʹ 00"N north and between longitude 45° 58ʹ 00ʹʹE and 45° 59ʹ 00"E east within Mesopotamian plain. 
The study area is located within the middle sand belt and which is located between the flood plain of Euphrates 
river from west and the Tigris river and Shatt Al-Gharraf (Al-Gharraf river) from east Figure 1.   
                                                                                                 
 
Figure1. Satellite map of the studied area 
 
By a geological point of view, Quaternary sediments cover the study areas which are represented by sediments 
of flood plain and Aeolian sediments, generally composed of fine sand. This area is composed of sand dunes 
and sand flats, sand dunes are mostly in crescent shapes (Barchan) in addition to longitudinal shapes (Sief). 
These shapes of sand dunes reflect the prevailing wind effect in the region. 
 
As is known, there are two types of sand dunes in Iraq. The first type is known as pseudo or false sand dunes 
and contains high percentage of clay and silt grains, which are located in the middle and southern parts of Iraq. 
While the second type is called the true sand dunes and contains high percentage of sand grains, which mainly 
cover northern middle parts of Iraq [15]. 
 
Phenomenon of sand dunes encroachment is widespread in the study area, Sand dunes generally composed of 
fine sand grains with an increase in the proportion of clay grains in addition to presence of river shells (shells 
of dead organisms) in large numbers. Further, sand dunes also called as named false sand dunes 
  
3. Materials and methods   
Soil samples were collected from five sites at Thi-Qar governorate from the area adjacent to the international 
road (highway) between Nasiriya – Baghdad near Fadak check point, from the right side toward Baghdad as 
shown in the map of the site. The samples were obtained during the field work program for students of the 
Department of Applied Geology in 2017. The laboratory tests were conducted at the laboratories of national 
center for construction laboratories. The American and British international standards (ASTM and B. S.) [16-
18] have been used to conduct laboratory tests for the study area in order to determine the geotechnical properties 
which included the physical and chemical properties of the soil of the study area. The Fourier transform infrared 
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spectrometry FTIR technique was used to identifying minerals in whole samples, the tests of FTIR technique 
were conducted at department of chemistry, college of science, university of Thi-Qar.                                                                                                                          
4. Results and discussion  
Physical and chemical properties of soils are important indicators for soil evaluation in engineering terms. The 
physical and chemical characteristics of the studied soil samples were summarized in Table 1. 
 
Table 1. Properties of used soils  
     
The particle size analysis of soil is consider as the basic of physical properties of the soil through which soil can 
be classified and identified, grain size analysis test were conducted according to ASTM D 422. As shown in 
Table 1, the percentage of sand ranged between (45-71%) while the percentage of silt ranged between (28-54%) 
as for the percentage of the clay is very low and does not exceed (1%) in both soil 1 and 3 and is not found in 
the rest samples of soils. Figure 2 shows the grain size distribution curves for samples of soils. 
 
 
Figure 2. Grain size distribution of soil samples 
 
According to the standard AASHTO T112 for selected granular material as sub-base, the five samples for fine 
aggregates meet the requirements as percent of materials passing through No.200 mesh sieve does not exceed 
two-thirds of the materials passing through No. 40 mesh sieve. However, the percent of materials passing 
through sieve No.200 exceeds the acceptable limits for gradient classes. But it can removed fine materials by 
Soils 
Symbol Properties 
Soil 5 Soil 4 Soil 3 Soil 2 Soil 1 
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30 36 54 40 28 M  Silt% 
70 64 45 60 71 S  Sand% 
27 36 40 33 33 LL Liquid limit%  
Atterberg limits 14 27 30 24 24 PL Plastic limit% 
13 9 10 9 9 PI Plasticity index% 
3.7 3.7 3.9 3.6 4.2 O.M. Organic matter  
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  0.042 0.038 0.04 0.027 0.035 Cl- Chlorides % 
30 27 38 35 28 CO3-2 Calcium  carbonate % 
6.7 5.8 7 6.2 4.8 Gyp. Gypsum % 
0.9 0.86 1.34 0.6 0.79 SO4-2 Sulfates % 
4.5 2.2 2.36 3.11 4.62 T. S. S. Total soluble salts % 
9.1 8.3 7.9 8.2 7.8 pH  Power of hydrogen 
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washing (SORP 5 and 6) [19].  The limits of Atterberg are important indicators of the physical properties of 
soil, and these properties affect the engineering properties of soil, these limits are well known as soil 
consistency, namely, plastic limit (PL) and liquid limit (LL). Tests of atterberg limits were performed according 
to ASTM D 4318.  
                                                                                                  
       The percentages of the liquid limit (LL) ranged between (27-40%) and plastic limit ranged between (14-
30%) thus the plasticity index (P.I) has value ranging from (9-13%) as shown in Table 1, Figure 3 shows the 
variations in the limits of soils consistency which used in this study.  
 
 
Figure 3. Graph showing variation in the atterberg limits 
 
Atterberg limits were used to classify the soil for engineering purposes as well as to provide the information 
which are used interpreting some of the physical and mechanical properties of the soil [20]. the Unified Soil 
Classification System (USCS) has been used to classify the studied  soils samples, accordingly the soils 1, 2, 3 
and 4 can be classified as silts  of medium plasticity, while soil 5 can be classified as clay of low plasticity (CL) 
as shown in Figure 4. 
 
 
Figure 4. Casagrande diagram and soil classification in the study area 
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Further, according to American Association of State Highway and Transportation Officials (AASHTO) Figure 
5 shows that soil 1 is classified as A-2-4, while soils 2,3 and 4 are classified as A-4, soil 5 is classified as A-2-
6.    
 
Figure 5.  AASHTO diagram and soil classification in the study area 
 
For the atterberg limits, The liquid limits and plasticity indices of the study area samples exceeded the limits of 
the standard  specifications AASHTO T89 and  AASHTO T90 respectively which means the aggregates are not 
suitable for selection as granular materials for the sub-base course but we can see that the samples 1, 2 and 5 
compatible with the standard specification of the liquid limit While samples 1, 2 and 4 compatible with the 
standard specification of the plasticity index therefore, these aggregates can be used in the construction of the 
shoulders of the roads. On the other hand, aggregates can be used as a subgrade material because the 
requirements of liquid limit and plasticity index did not exceed the limits specified in the standard (SORP 6) 
[19]. 
 
Just as physical properties are important in soil works for road construction, chemical properties are also 
important, numerous studies have shown that the use of chemically unsuitable materials lead to failure in 
pavement surface [21,22]. Chemical laboratory tests included calculating the percentage of organic matter (O. 
M.), chlorides (Cl), calcium carbonate (CaCO3), gypsum (CaSO4.2H2O), sulfates (SO4-2),  total soluble salts 
(T. S. S.), and power of hydrogen (pH). These tests were carried out according to the British standard (B. S. 
1377), Table 1 and Figure 6 represented the chemical analysis results for deposits in the studied area.   
 
 
Figure 6. Chemical properties ratios in soil samples of study area 
 
The presence of organic matter in small amount can affect the engineering properties of soil such as 
compressibility, shear strength and bearing capacity [23]. The organic matter ratios of the region samples ranged 
between 3.6-4.2. and it is higher than the specification limits that require values less than 2%.                                                                                                           
For chlorides, the percentage that higher than 0.1% is unacceptable, so the sediments of the study area showed 
values ranging from 0.027-0.042% thus, it is less than specified value. On the other hand, 30% of calcium 
carbonate is considered dangerous and can lead to major engineering problems. It can be seen that the percentage 
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of calcium carbonate is close to the limits of the standard specification in the samples 1,4 and 5 or more in the 
samples 2 and 3 as shown in Table 1.  
                                                                                                                                      
        The gypsum concentrations ranged between 4.8-7% and is considered within the limits of the standard 
specification while the percentage of gypsum is considered risk if more than 10%. As for the percentage of 
sulfate values of the samples of the study area ranged between 0.6-1.34% and therefore these ranges did not 
exceed the limits of the specification where the percentage should not exceed 5%.                                                                                                                   
The effect of the presence of salinity in the soil appears on the road pavement and bituminous surfacing [24]. 
The total soluble salts ranged between 2.2-4.62% that is, it is less than 10% concentration required by the 
standard specifications. Finally, from the results of laboratory tests, the soil of the study area has pH level greater 
than 7 for all studied samples because of the high percentage of calcium carbonate. In turn the effect of pH on 
soil strength properties makes it unsuitable for highway construction [25]. 
                                                           
        All samples were subjected to Fourier transform infrared spectrometry FTIR to determine the minerals 
present in the soils from the position of the peaks form the notable Fourier transform infrared spectrometry 
absorption peaks. In comparison with the available literature, the minerals were identified. Figures 7-9 show 
FTIR spectra for soil samples of studied area while Table 2 illustrates the positions of the observed peaks in 
wave number units together with minerals. 
 
 
Figure 7.  FTIR spectrum for soil-1 
 
 
Figure 8. FTIR spectrum for soil-3 
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Figure 9.  FTIR spectrum for soil-5 
 
Table 2. FTIR observed Frequencies (cm-1) of soil samples of studied area with mineral 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to the Table 2, it can be observed that the FTIR absorption peaks which appearing at709.62, 516.39 
and 513.25cm-1 may be indicator the presence of quartz in the soil. The FTIR absorption peaks of quartz were 
assigned by many researchers [26-30]. While the peaks which observed at 789.61, 789, 469.74, 466.24, 452.46 
and 332.22cm-1 may be indicator the presence of feldspar [26, 28, and 29]. The presence of FTIR absorption 
peaks at 2517.47, 2517.50, 2513, 1800.24, 1800, 1799.15, 1440.56, 1436.98, 1436.80, 875.10 and 874.84 cm-1 
in the soils may be indicator for calcite [30, 31, 32].  
                                                                                                                                                               
Kaolinite was observed in the samples by the presence of peaks at1634.28, 1629.32, 1627.42, 1023.59, 1022.54 
and 1021.93 cm-1 [29, 33, 34] while the peaks at 3551.61, 3548.65, 3548.12, 3426.82, 3417.08, and 3413.14cm-
1 are indicator for montmorillonite [29, 33, 35]. The FTIR patterns showed that the soils consist of Kaolinite 
and Montmorillonite as major clay minerals and Quartz, Feldspar, and Calcite as non-clay minerals. 
 
The mineral composition of the soil effects on its geotechnical properties and on this basis, the presence of 
quartz is very effective due to its inactivity, hardness, and durability when used as aggregates. This means that 
the quartz mineral will not react under normal conditions [36]. Further, the presence of calcite mineral in the 
soil is as a cement material that has the ability to dissolve in water [37]. Also, the presence of Montmorillonite 
is important due to its high swelling ability because it makes the soil unsuitable for use as road building material 
[38, 39, 40, 41].                                                                                                                                                     
Montmorillonite 
(Mnt) 
Kaolinite 
(Kln) 
Calcite 
(Cal) 
Feldspar 
(Fsp) 
Quartz 
(Qtz) 
Samples 
3548.12, 3413.14 
1628.32, 
1022.54 
2517.47, 
1800.24, 
1436.80, 875.10 
789 516.39 Soil 1 
3551.61, 3417.08 
1627.42, 
1023.59 
2517.50,1799.15, 
1440.56 
469.74, 
452.46, 
332.22 
513.25 Soil 3 
3548.65, 3426.82 
1634.28, 
1021.93 
2513, 1800, 
1436.98, 874.84 
789.61, 
466.24 
709.62 Soil 5 
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5. Conclusions 
From the results of the proposed research work, the main findings can be included as follows:                                                                                                                                                         
1) The grain size analysis of the sediment shows deviation from the gradient limits of the Iraqi standard 
specification.  
2) Liquid limits and plasticity indices of the study samples do not comply with the limits of the standard 
specification for using as the sub-base materials. Most likely, it is suitable for using as the sub-grade 
materials and to construct the shoulder of the road.  
3) From a chemical point of view, organic matter and calcium carbonate exceeded the limits of the 
standard.  
4) The chemical analysis of the sediments shows that the rates of the chlorides, sulfates, gypsum, total 
soluble salts and pH they were within acceptable limits of standard specifications.  
5) On mineralogical point of view, the mineral composition of the soil effects on its geotechnical 
properties, therefore the presence of quartz increases aggregate stiffness and durability due to its 
inactivity, hardness, and durability. On the contrary, the presence of calcite and clay mineral decreases 
aggregate stiffness.  
6) Sand dunes sediments of the study area are suitable for use as fine aggregate after processing.   
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